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THE EFFECTS OF PARTIAL UNWEIGHTING ON HEMIPLEGIC GAIT
NATASHA A. CREASER 
MICHAEL W. JO N ES 
ABSTRACT
This study Investigated the effects of 30% body weight support on gait in two 
individuals with hem iplegia secondary  to stroke. Two subjects with right 
hem iplegia w ere tested . Each com pleted four trials, two full weight bearing and 
two unw eighted 30%, in random  order. Each trial consisted  of walking six 
m eters on a treadmill a t the  subjects ' self-selected  speed . Tem poral d istance 
da ta  w ere collected via Stride Analyzer footswitches. Subjects w ere also  
v ideotaped  from the side during all trials. W e expected velocity, cadence, 
stride length, uninvolved limb swing time, and  involved limb s tan ce  time to 
increase  with unweighting. Subjects 1 's resu lts ag reed  only in stride length and 
uninvolved limb swing time. However, Subject 2 's  results ag reed  in all 
variables but one; involved limb s tan ce  time. Possible reaso n s  for the 
d ifferences a re  d iscussed . V ideotape gait analysis revealed  increased  
symmetry betw een limbs and  d e c rea se d  biom echanical variation at hip, knee 
and  ankle for both subjects.
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CHAPTER 1 
INTRODUCTION
Every year approximately 500,000 A m ericans have  new or recurrent 
strokes, of which 350,000 survive (American H eart A ssociation, 1992). 
C erebrovascu lar acc iden ts (CVAs) can  happen  to young people, even  children, 
but a re  m ost prevalent in the elderly. Disability after a  stroke ran g es  from mild 
to severe . S tatistics on am ount of disability a re  difficult to ga ther d ue  to severa l 
factors such  a s  pre-existing conditions of the  patient, type of stroke, age, and  
the fact tha t m ost OVA survivors referred for rehabilitation a re  m oderately to 
severely  affected, which necessarily  excludes the mildly affected from being 
accurate ly  rep resen ted  (Duncan, 1994).
S troke patien ts p resen t in m any different w ays and  each  patien t is 
unique (Finch & B arbeau, 1986). There a re  som e characteristics, though, 
which occur frequently enough to give a  generally  "typical" stroke patient. The 
m ost com m on im pairm ent is hemiplegia, which is a  unilateral w e ak n e ss  th a t 
affects alm ost all functional activities, including dressing , eating, and  walking. 
Motor deficits occurring with a  CVA include m uscle w eak n ess  and  dim inished 
or a b se n t coordination (Davies, 1993). A patient can a lso  have perceptual 
deficits su ch  a s  neglect of limbs on the  affected side and  loss of correct 
midline perception. Cognitive deficits, such a s  sp eech  and  language  
problem s, or mem ory problems, may occur a s  well. A person  who h a s  had a  
CVA can  p resen t with any combination of the  above problem s, and  each  at 
different levels of involvement.
T he ability to walk is a  basic  skill tha t is commonly impaired after stroke, 
which very m uch affects quality of life. W alking is a  com plex task. It is, 
therefore, very challenging to retrain gait, especially  in patien ts who have 
neurological im pairm ents. The incidence of stroke is high, the survival ra te  is 
alw ays increasing  (Duncan, 1994), and  a  main goal of stroke patien ts is to 
improve their walking (Bohannon, 1986). Therefore, a  g rea t deal of the  
physical therapy  treatm ent program  is ded icated  to  gait training. B ecau se  of 
the  complexity of walking, and that it is affected differently in every hem iplegic 
patien t (Finch & B arbeau, 1986), choosing the  optimum m ethod of trea tm en t is 
often difficult. New stra teg ies for gait retraining a re  continuously being 
investigated  (W aagfjord, Levangie, & Certo,1990). T herap ists  m ust rehabilitate  
pa tien ts a s  effectively and  a s  quickly a s  possible, yet patients respond 
differently to various training m ethods. Clearly, although several effective 
m ethods exist, the  ideal hem iplegic gait retraining m ethod h as  not yet 
em erg ed .
It is our intention to help continue this sea rch  for new  m ethods in gait 
rehabilitation. W e p ropose  a pilot study to begin investigation into a  system  of 
body w eight support in combination with treadmill walking for retraining 
hem iplegic gait. W e will analyze gait patterns of hem iplegic patien ts in full 
w eight bearing  and  a t 30 percent unw eighted while walking on a treadmill at 
se lf-se lec ted  sp eed . W e hope this will provide useful da ta  which will lend 
c red en ce  to  th e  u se  of the body weight support system  for gait retraining of 
individuals with hem iplegia.
CHAPTER2 
LITERATURE REVIEW
I. Hem iplegic Gait
Functional gait h as  five characteristics: 1 ) safety, so  a s  not to  en d an g e r 
th e  person; 2) efficiency, so  a s  not to  w aste  energy which could be u se d  for 
o ther activities; 3) aesthetically  p leasing, so  that one  d oes not feel self- 
conscious; 4) a b se n c e  of assis tive  devices, so  that one can  u se  the  h an d s 
and  arm s freely; and 5) automaticity, so  a s  to leave one free  to  con cen tra te  on 
o ther activities (Davies, 1993). A person  suffering a  cereb rovascu lar acc iden t 
(CVA) resulting in hem iplegia may p resen t with alterations in so m e or in all of 
th e se  characteristics. The com bination of deficits is unique to e ac h  patient, but 
th e re  a re  severa l deficits which tend  to be  characteristic of hem iplegic gait. 
Typically, individuals with hem iplegia am bulate slowly, inefficiently, and  b ear 
their w eight asym m etrically betw een  limbs. B iom echanical, tem poral 
d is tan ce , or m etabolic alterations in gait characteristics m ay occur secondary  
to m uscle  w eakness, hypertonus, lack of coordination, a ltered  perception , or 
im paired b a lan ce  in individuals with hem iplegia.
H em iplegic gait may show  biom echanical abnorm alities a t any  or all 
joints of th e  trunk or lower extrem ities. Limitations in trunk, hip, knee, and  ankle 
m otion a re  com m on abnorm alities in the  hem iplegic patient (Chin, Rosie, 
Irving, & Smith, 1982). Individuals with hem iplegia typically walk with their 
c en te r of gravity posterior to normal; tha t is, flexed to som e d e g re e  a t the  hips, 
which fo rces them  to actively s tep  forward instead of letting the  advancing  leg
swing to "catch" the  body a s  it "falls" forward (Davies, 1993). M any stroke 
patien ts feel off balance, a s  if they will fall, which ad d s  to the  tendency  to m ove 
th e  cen te r of gravity posteriorly (Davies, 1993). Abnormal hip and  trunk 
m ovem ents c a u s e  a ltered  steps, affecting the uninvolved foot a s  well. At the  
foot, heelstrike an d  forefoot contact with the  ground may not be  s e p a ra te  and  
the  knee  m ay rem ain flexed. M ovement of the  hips m ay b e  a ltered  a s  well, with 
th e  hip joint actually moving backw ards with e ac h  s tep  forward (D avies, 1993).
Tem poral d is tan ce  characteristics of gait include velocity, cad en ce , 
stride length, s tep  length, and  time sp en t in th e  various portions of th e  gait 
cycle. B randstater, de Bruin, Gowland, & Clark (1983) found tha t hem iplegic 
sub jec ts  w alked m ore slowly than norm als, and  tha t sp e e d  d e c re a se d  a s  the  
severity  of the  lesion increased . P inzur,Sherm an, DiM onte-Levine, & Trimble 
(1987) a lso  concluded  tha t the extent of deviation in gait is positively re la ted  to 
the  extent of th e  involvement of the  central nervous system . Ozgirgin,
Bolukbasi, B eyazora, & Orkun (1993) studied velocity in individuals with 
hem iplegia and  in norm als. They reported  an  av e rag e  sp e e d  of 0 .42m /s in 
hem iplegic sub jec ts, com pared to  the  av erag e  in norm als of be tw een  1.2 and
1.5m /s. Individuals with hem iplegia a lso  have  d e c re a se d  c a d e n c e  an d  stride 
length com pared  to  norm als (B randstater et al., 1983). Pinzur e t al. (1987) 
found c h a n g e s  in th e  gait cycle to be  an  in c reased  proportion of the  cycle sp en t 
in s tan c e  an d  double  limb support p h a se s  for both the  affected  an d  the  
unaffected  limb. Proportion of weight bearing betw een  the  two limbs w as a lso  
altered: th e  uninvolved limb bore more of the  w eight (G ruendal, 1992). T he 
g rea te r th e  ratio of asym m etry was, the  poorer their am bulatory s ta tu s  
(G ruendal, 1992).
T h e  asym m etrical gait of hem iplegic sub jects w as found to be  le ss  
efficient m etabolically than  normal gait (Bard, 1963), and  th e re  a re  m echanical 
c o s ts  d u e  in part to the energy  changed  in the  HAT (head-arm s-trunk) segm ent 
(OIney, Monga, & Costigan, 1986). OIney et al. su g g es ted  tha t hém iplégies are  
not ab le  to  walk quickly enough  to  benefit from "the energy-conserv ing  
ex ch an g e  betw een potential and  kinetic energy  of body seg m en t and  trunk 
seg m en t."
For all th e se  different p resen ta tions of hem iplegic gait, th e re  a re  many 
m ethods which can  be  u sed  for re-education.
II. Neurorehabilitative Gait Training M ethods
A. Theoretical Aspects
T h ere  a re  several m ethods of neurorehabilitation for hem iplegia, each  
with its own theory for recovery of function (Davies, 1993; Brunnstrom, 1970; 
Morris an d  S harpe, 1993). T here  a re  differences in their a p p ro ach es  to gait 
retraining, a s  we!! a s  curnmon elem er.ts. The m ost widely u sed  m ethods will 
b e  d iscu ssed , and  then  a  m ethod tha t h a s  recently b een  in troduced will be  
d is c u s s e d .
O ne currently utilized treatm ent is N eurodevelopm ental Treatm ent, 
(NOT). NOT em phasizes two main a reas: 1) inhibition of abnorm al postural 
to n e  an d  movem ent, and  2) facilitation of normal postural tone, reactions, and 
m ovem ent (Davies, 1993). Inhibition and  facilitation a re  ach ieved  by handling 
th e  patien t a t key points of control, using reflex inhibiting patterns, and  
proprioceptive and  tactile stimulation. T he NDT m ethod prom otes working on 
severa l p rerequisites to gait before actually beginning to walk. Som e of th ese
pre req u is ites  a re  orientation of body in sp ace  and to midline, b a lan ce  
reactions, the  ability to transfer weight, the  ability to control k nee  flexion, 
selective control of the  effected limb, an d  the  ability to perform rotational 
com po n en ts  n eed ed  for walking (Davies, 1993).
B runnstrom 's approach  for treating stroke patien ts is an o th er m ethod of 
rehabilitation tha t is often used . This m ethod is b a sed  on th e  belief tha t there  
a re  a  six sequen tia l s tag e s  through which a  stroke patient p ro g re s se s  during 
recovery, although an  individual patient may or may not experience  each  stage , 
and  recovery  m ay plateau at any s tag e  (Brunnstrom, 1970). T he a p p e a ra n c e  of 
flexor an d  ex ten so r synerg ies in s tag e  two is regarded  a s  a  positive sign, and  
th e se  sy n erg ies  a re  facilitated by the  therapist. The patient independently  and  
actively producing the  synergistic m ovem ent pattern is the  th e rap eu tic  goal.
T he sy n erg ies  a re  subsequently  broken down and  com ponent p a rts  a re  
com bined to resto re  active functional m ovem ents independen t of synergy  
patterns. T he goal is m ovem ent selectivity, free  from stereotypic  p a tte rn s  
(B runnstrom , 1970).
Brunnstrom 's view of gait retraining is similar to  NDT's. B runnstrom  
prom otes that preparation for gait involves having the  ability to b a lan ce  th e  trunk 
in th e  upright position, to selectively produce m ovem ent in the  lower 
extrem ities, and  to alternate  m uscle re sp o n se s  for the  reciprocal m otions 
n e c e ssa ry  for walking (Brunnstrom, 1970). As th e se  goals a re  being met, the 
patien t is increasing  the  am ount of w eight bearing while working on reciprocal 
m ovem ents. Eventually the  patient beg ins walking a s  a  part of th e  exerc ise  
s e s s io n .
Proprioceptive neurom uscular facilitation (PNF) is an  app roach  to 
rehabilitation which u se s  total pa tterns of movem ent, and  prom otes th e  
re sp o n se  of th e  neurom uscular m echanism  by th e  stim ulation of 
proprioceptors. T he goal of this m ethod is a  ba lan ce  of pow er betw een  
m uscular an tag o n is ts  and  coordination, which e n ab le s  a  patien t to perform 
functional skills. PNF u s e s  the developm ental seq u e n c e  to p ro g ress  a  patien t 
to functional postu res, including lower extremity w eight bearing in p reparation  
for gait. P rog ressive  upright positioning (prone on elbows, quadruped , 
kneeling and  half-kneeling) is used  in therapy to get the  patien t to s tand ing  and  
then  to walking. In PNF, reflex activity is u sed  to prom ote and  reinforce good 
patterns, with th e  goal of volitional control, having integrated the reflexes. Motor 
learning co n cep ts  a re  a lso  u sed  in PNF; the perform ance of m any repetitions 
and  visual limb tracking, for example, provide patient feedback  for m otor 
learning. R epetition a lso  im proves strength, endurance , and  coordination 
(Voss, lonta, & Myers, 1985). T reatm ent principles include optimal res is tan ce , 
m anual contacts, overflow, stretch reflex, visual and  verbal com m ands, and 
reversing m ovem ents (Sullivan, Markos, & Minor, 1982).
The m otor learning approach  w as developed  by Carr an d  S h ep h erd  
(1983) a s  a  way to trea t stroke patien ts which incorporated the  m ost recen t 
neurophysiologic re sea rch  in the a rea  of motor learning. T he trea tm en t 
principles for this m ethod include task-specific training, m anipulation of 
environm ental factors, active involvement of the patient in problem -solving, 
therap ist's  m anual guidance, repetition with faded  feedback, and  early 
intervention (Carr, Shepherd , Gordon, Gentile, & Held, 1987). T he im portance 
of task-specific  training w as b ased  on resea rch  of m uscle action, postural 
adjustm ents, an d  reaching, which show ed that, "people learn w hat they
practice" (C arr e t al., 1987). The patient can  work In a  quiet sec lu d ed  a re a  If too 
m uch external stimulation would Interfere with practice and  an a ly s is  of the  task  
a t hand. Alternatively, external stimulation can  be  utilized to challenge  the  
patien t to perform previously learned  task s  In a  m ore “real world" environm ent. 
T he recovery p ro ce ss  and the  problem s encoun tered  following a  stroke  a re  
b a se d  on th e  assum ption  tha t the ex p erien ces  to which th e  patien t Is ex p o sed  
will affect his recovery, either positively or negatively. Motor learning 
practitioners hold tha t early intervention m ay provide ex p erien ces  th a t positively 
affect the  p a tien t's  outcom e. Involving the patient In problem -solving Is key to 
his learning or relearning a  skill. T he p ro cess  Involves severa l s tep s : 1) 
analy sis  of th e  ta sk  to be  perform ed, 2) practice of m issing com ponen ts, 3) 
practice  the  whole task, and 4) transference  of training, with the  opportunity to 
practice  In context (Carr and S hepherd , 1983).
B. Clinical Aspects
1. In-Water Training
G alt re-education  In w ater h a s  b een  u sed  In neurorehablllta tlon for 
sev era l y ea rs  a s  a m ethod of treatm ent. W ater h a s  several th e rap eu tic  effects. 
W arm  w ater a id s  pain relief and  relaxation. In addition, w ater 's  buoyancy 
su pports  a  pa tien t's  body weight and  red u ces  the  effects of gravity (Duffleld, 
1969). A g rad ed  exercise  program  can  be  d esigned  using buoyancy  first to 
a ss is t, then  to support, and  ultimately a s  re s is tan ce  to m ovem ents. 
Additionally, w ater improves circulation, gives patien ts Increased  confidence In 
their ability to perform functional activities (Duffleld, 1969), an d  allow s the  
th e rap ist to  hand le  the  patient m ore easily  (Smith, 1990). Duffleld (1969) 
a s s e r ts  that pool therapy Is helpful for gait retraining In hém iplégies. According
to her, d ragging of the  leg and swinging through with circum duction can  be  
elim inated in the  pool b ecau se  the buoyancy of th e  w ater helps flex the  hip and  
knee, and  cou n terac ts  dragging the  leg. Morris (1992), working with 
hém iplégies in w ater, noted som e additional benefits of pool therapy; w eight 
reduction, thereby giving the patient improved independent control over his 
upright stability an d  a  longer period of time to  co m p en sa te  for lateral 
d isp lacem ent; an d  e a s e  of m ovem ent which p rep a res  them  for gait training on 
land so o n er in their co u rse  of rehabilitation.
Taylor, Morris, S haddeau , Groom es, & Dupuy (1993) stud ied  the effects 
of pool therapy  on th e  velocity, cad en ce  and  stride length in hem iplegic gait.
The su b jec ts  w ere  two m ales, one with right hem iparesis, the  o th er with left 
hem iparesis. T he study lasted twelve w eeks, with a  single c a s e  ABAB design  
used , e ac h  p h a se  lasting th ree  w eeks. During the A ph ases , gait d a ta  w as 
collected and  analyzed  on land with a  Footswitch Stride A nalyzer while sub jec ts 
w alked on a  level floor for ten  m eters. In-pool gait training took p lace  during 
each  B p h ase . Patien ts walked in w aist-deep  w ater, and  received verbal 
en co uragem en t to increase  velocity and  improve symmetry.
O ne subject show ed significant in c reases  in velocity, cad en ce , and  
stride length, while subject two significantly improved in cad en ce  only.
Although not all resu lts  w ere statistically significant, th e re  w as a  trend tow ard 
im provem ent in both subjects in all th ree  p a ram ete rs  studied. T hey concluded  
tha t w ater walking had  a positive effect on all th ree  variables. They ex p ressed  
caution, how ever, in generalizing th e se  resu lts  to all hém iplégies b e c a u se  
th e se  particular sub jects w ere highly functional and m ore than a  year post CVA. 
They su g g es ted  further study with a  g rea ter num ber of subjects with varying 
levels of involvem ent before generalizing to all hem iplegic patients.
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2. Treadmill Training
Treadmill training a s  a  m ean s for re-educating gait in stroke  p a tien ts  
h a s  b een  investigated by W aagljord et al. (1990). T h ese  investigators studied 
stride  length, s tep  length, b a se  of support, cadence, and velocity on a  sing le 
hem iplegic patient who had  left hem iparesis, using an inked footprint m ethod 
for d a ta  collection. T reatm ent consisted  of ten m inutes of walking on a  level 
treadm ill a t the patient's self-chosen  pace . B aseline and trea tm en t d a ta  w ere 
collected  th ree  tim es per w eek for th ree  w eeks. The findings for th is c a s e  
study show ed a  small but statistically significant improvem ent in b a se  of 
support and  right s tep  length, with increased  symmetry in right an d  left s tep  
length. T he au thors su g g ested  that increased  symmetry resu lted  in improved 
gait p a ram ete rs  b e ca u se  an  increase  in right s tep  length m ust be  
accom panied  by an  increase  in s tan ce  time on the  affected left limb. They 
concluded  that their findings support treadmill training a s  a  m ean s  of trea tm ent 
for th is particular hem iplegic patient, and  that further resea rch  is n e ed e d  
before  it can  be generalized to all hém iplégies.
Two sep a ra te  studies have  show n that walking on a  treadmill d o e s  not 
vary significantly from floor walking. Arsenault, Winter, & M artenuik (1986) 
s tud ied  treadmill and  floor walking on norm als. E lectrom yographic d a ta  w as 
collected  from five m uscles; so leus, rec tus femoris, b iceps fem oris, v astu s  
m edialis and  tibialis anterior. Subjects walked twenty strides over both a  level 
walkway and  a  treadmill. C adence  w as kept constan t for e ach  sub ject via a  
m etronom e in each  case . EMG activity throughout the walking cycle w as 
recorded. Com parison of the EMG profiles during floor walking and  treadmill 
walking revealed  no statistically significant differences for m ost m uscles. The 
b iceps fem oris only exhibited increased  activity. T he treadmill EMGs had  higher
11
am plitude (though not significant) but lower variation than  the  floor walking 
data. T he au thors  concluded that EMG activity is similar on each  su rface , and 
tha t the  treadmill is a  valid tool for gait studies.
Murray, Spurr, Sepic, G ardner, & Mollinger (1985) m easu red  kinem atics, 
EMG and heart ra te  in normal subjects on a  treadmill and  on the floor. They 
found that th e re  w ere no statistically significant d ifferences a t a  given sp e e d  
betw een floor and  treadmill walking for velocity, s tep  length, cad en ce , s tan ce , 
swing, and  double  limb support. They did find a  trend a t all sp e e d s  for shorter 
s tep  lengths, fa s te r cad en ces , shorter swing p h a se s  and  longer doub le  limb 
support tim es on the  treadmill. No significant d ifferences w ere found in 
patterns of knee  flexion or extension, shoulder and  elbow flexion or extension, 
or in vertical pathw ays of the  heel and  toe. T he pelvis w as slightly an terio r 
throughout th e  cycle on the  treadmill, but this w as a lso  not statistically 
significant. Significant differences w ere found in hip extension, ankle 
dorsiflexion, an d  vertical excursion of the  head . Hip extension w as in c reased  
while walking on the  floor at all sp e e d s  (slow, free, fast); ankle dorsiflexion 
w as g rea te r during s tan ce  at slow and free s p e e d s  on the  floor; and  vertical 
excursion of th e  h e ad  w as  reduced  on the  treadmill. EMG stud ies  w e re  d o n e  
on the  e rec to r sp inae , g luteus maximus, hip abductors and  adductors, 
ham strings, quadriceps, and the  calf and prétibial m uscles. V arian ces  in 
rep ea ted  cycles w ere significantly increased  only in the ham strings on the 
treadmill. Norm alized EMG activity w as increased  only in th e  q u ad riceps on the 
treadmill at slow  and  fast sp eed s . A verage EMG activity w as g rea te r on the  
treadmill a t every  sp eed  for all m uscles studied except two: hip ab d u cto rs  and  
erecto r sp inae, at free  sp ee d  only. They a lso  found that heart rate  w as 
significantly h igher with fast treadmill walking, but w as not significantly higher
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for com fortable walking speed , and  w as the  sam e for walking a t a  slow speed . 
They concluded  that walking on a  treadmill w as not notably different from 
walking on  the  floor.
III. Treadmill Training and Unweighting
A. Theoretical Aspects
In a  1986 article, Finch and  B arbeau su g g ested  a  new m ethod of gait 
retraining for hém iplégies. They proposed  a  system  of training in which a  
patien t w alks on a  treadmill while supported  by a h a rn ess . T his h a rn e ss  
would red u ce  the  patient's weight bearing by a  predeterm ined percen tage . 
N eurological patien ts have difficulty in gait with lower extremity w eight 
a c c e p ta n c e  and  weightshifting or advancing on the limbs while w eight bearing 
(Chin e t al., 1982). This body w eight support (BWS) system  would reduce  
som e of th e  input of weight, allowing energy  to be focused  on posture, balance, 
and  th e  stepp ing  m echanism  (B arbeau, W ainberg, & Finch, 1987).
This theory is b ased  on resea rch  done on "spinalized "cats (B arbeau  & 
R ossignol, 1987; Visintin & B arbeau, 1989). Sherrington (se e  P earso n , 1976) 
first dem o n stra ted  that ca ts  with sev e red  spinal cords show ed rhythmic, 
s tepp ing-type  m ovem ents from their hind limbs several w eeks post-surgery . T. 
G raham  Brown (P earson , 1976; Horak, 1991) furthered this re sea rc h  by 
severing  th e  dorsal roots of similarly spinalized cats. T h ese  deafferren ted  
an im als a lso  show ed the ability to am bulate with a  reciprocating gait. Thus, no 
sen so ry  input from the w eight-bearing extrem ities w as n e c e ssa ry  for 
reciprocating  hind-leg motion. This ability w as en h an ced  by stim ulating 
hindlimb extension  with the u se  of a  treadmill, and w as particularly effective if 
the  anim al w as gait re-trained with the  hind-end weight partially supported  with
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th e  u s e  of a  tail sling (B arbeau & Rossignol, 1987). Training to  th e  adult 
d eaffe ren ted  c a ts  consisted  of partial w eight bearing  while walking on a  
treadm ill with th e  tail supported, with training se ss io n s  lasting a t leas t thirty 
m inutes for 2-3 tim es per week. O ver the  co u rse  of the  experim ent, th e  w eight 
b o rn e  by the  hind limbs w as progressively increased , to th e  anim al’s  to lerance . 
After 3 w eek s to  3 m onths of this training, th e  c a ts  w ere ab le  to  am bu la te  with a  
norm al reciprocating gait pattern bearing  all of their hind-end weight.
C entral pattern  generato rs  (C PG s) ex tant in the  spinal cord of both  ca ts  
an d  m an have b een  hypothesized to c rea te  reciprocating m ovem ents in the  
lower extrem ities (Delcomyn, 1980; Vilensky, 1987; Morris, Sum m ers, M atyas,
& lansek , 1994). Thelan, Bradshaw, & W ard (1981) have p roposed  tha t 
ev id en ce  ex ists in on e  month old hum an infants for the  p re sen c e  of C P G s in 
the  form of sp o n tan eo u s  kicking. They sp ecu la te  tha t this a lternating lower 
extrem ity m ovem ent is the  p recursor to bipedal am bulation. The 
neu rom uscu lar pa ttern  for bipedal am bulation is g en era ted  in th e  spinal cord. 
A nother group, working with spinalized M acaque m onkeys, show ed that th e se  
anim als, contrary  to stud ies on cats, do not show  stepping m ovem ents under 
th e  sa m e  conditions which produce th e se  m ovem ents in c a ts  (E idelberg , 
W alden, & Nguyen, 1981). T h ese  re sea rch e rs  hypothesized that, ev en  though 
C P G s m ay b e  p re sen t in prim ates, their influence on  gait m ay be  su p e rse d e d  
in th e  adult prim ate by tonic descend ing  neurons.
T he influence that descending  n eu rons have on the  spinal cord, an d  
C P G s in particular, cannot be  d isregarded , especially  in the  pathologic sta te . 
T h e se  pathw ays, som e of which w ere “hard w ired” during developm ent, and  
som e of which w ere influenced by m ovem ent pa tterns after birth, a re  clearly 
affected  by d is e a s e  s ta te s  such  a s  CVA. C oordinating the  C P G s and
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rem aining d escend ing  influences to produce useful, functional, b ipedal 
am bulation is th e  goal of the  many therapeu tic  ap p ro ach es  d iscu ssed  here. 
T he literature on animal stud ies supports the current approach  of treadmill 
am bulation with weight reduction in th e  gait retraining of pa tien ts with 
hem ip leg ia .
Finch and  B arbeau (1986) d iscu ssed  som e re a so n s  for abnorm al gait 
in pa tien ts with hemiplegia: hyperactive stretch reflexes (especially  in the  
triceps su rae), m uscle w eak n ess  or poor activation of m uscle groups, and  
intrinsic ank le  joint problem s. With the  BWS system , the load on th e  triceps 
su ra e  would be  reduced, thereby decreasing  the am ount of stre tch  on th o se  
m uscles. Theoretically, the  patien t's  weight could be supported  to the  point 
w here  the  stre tch  reflex could be elim inated or m aintained a t a  level which 
would be  m anageab le  for the  patient (Finch & Barbeau, 1986). T he patien t 
could then work on o ther a sp e c ts  of gait such a s  balance, posture, w eight 
accep tan ce , and  the stepping m echanism . A system  of partial w eight bearing 
can  allow for control of the load put on w eak or poorly controlled lower 
extrem ities, which would also  be beneficial to gait retraining. T he limbs would 
fa tigue le ss  quickly, thereby lengthening the exercise  sessio n . In p a tien ts  with 
spastic ity  th e  am ount of w eight bearing may be limited to the  sub th resho ld  of 
the  hyperactive stretch reflex in the ankle (Finch & B arbeau, 1986). T h e se  
re se a rc h e rs  s ta ted  tha t BWS training would be beneficial to po stu re  an d  
b a lan ce  training in hém iplégies. Presum ably, reducing the  w eight to be  
sup p o rted  and  m oved by the  body in turn reduces the  num ber of m otor units 
which n eed  to b e  recruited and  coordinated, which is controlled in com plex 
m ovem ents by the  central nervous system . They also  su g g es t th a t g raded  
body w eight support can  be supplem ented  with such th ings a s  cu tan eo u s
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Stimulation, stretching, electrical stimulation, b iofeedback and  orthotics. They 
recom m end early  intervention with a  com bination of body w eight support and  
m odalities, a s  individually required for each  patient, a s  a  m ethod to p roduce 
im proved resu lts  in gait re-training.
Severa l m ethods of neurorehabilitation, such  a s  NOT, PNF, and  
Brunnstrom , ap p ro ach  gait training by first working on isolated com ponents, 
and  p rogressing  the  am ount of weight bearing a s  the  patien t im proves. This 
can  be  difficult if a  patient h as  high tone, b e ca u se  w eight bearing can  induce 
stre tch  reflexes which then m ake controlling the  limbs difficult (Finch &
B arbeau, 1986), even  if the  patient is ready to start walking. Carr and  S h epherd  
(1987) question  th e  carryover of isolated task s  to a  functional tasks. Finch and  
B arbeau  (1986) su g g es t that body weight support while standing  and  walking 
on a  treadm ill would allow th e se  patients to work on posture, ba lance , and  the  
stepp ing  m echanism  while in the natural position for bipedal am bulation. C arr 
and  S h ep h erd  (1987) s ta te  that motor control is context specific, which lends 
additional support to  the  idea of putting patients in the  natural position for 
walking. Also, the  a b se n c e  of assistive devices, which c a u se  patien ts to lean 
aw ay from th e  midline, en co u rag es  a  m ore sym m etrical b a lan ce  of body w eight 
on th e  legs, which would provide sensory  feedback  of a  m ore natural position 
(Finch, B arbeau , & Arsenault, 1991). This, plus the  rem oval of body weight, 
may facilitate the  expression  of more normal gait pa tte rn s (Finch et al., 1991 ). It 
would follow that carryover from training on this ap p ara tu s  to  functional walking 
on land might occur with more success. Finch and  B arbeau  (1986) subm it tha t 
early intervention for gait retraining using the BWS system  with o ther 
stim ulation o r facilitation can be beneficial to returning normal walking ability in 
p a tien ts with hem iplegia.
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fi. Gait Studies Using Body Weight Support (BWS)
Finch e t al., (1991) developed a  BWS device that co n sis ts  of an  overhead  
h a rn e ss , hanging  from the ceiling, which is secu red  around th e  patien ts ' pelvis 
an d  low er rib cage. This ap p ara tu s  w as used  to study the  effects of BWS on 
th e  gait of normal m ales (Finch e t al., 1991 ). The effects of BW S on EMG, 
kinem atic, and  tem poral d is tance  characteristics w ere  studied. D ata w ere 
co llected  with the  subjects unw eighted 0%, 30%, 50%, an d  70%  of full body 
weight. T h e  sub jec ts w ere  unable  to  maintain their 0% unw eighted sp ee d  at 
any  of th e  rem aining levels of unweighting. An av erag e  of their s p e e d s  a t each  
level w a s  calculated, and sp e e d s  w ere ass ig n ed  a s  follows: a t 0%, sp e e d  
w as 1 .36  m/s; a t 30%, 0.97 m/s; a t 50%, 0.85 m/s; and  a t 70% , 0.70 m/s. The 
su b jec ts  perform ed two trials a t a  single session . In the  first trial sub jects 
w alked with full weight bearing (FWB) at each  sp eed  to collect d a ta  for 
com parison . In the second  trial, the  subjects w ere unw eighted.
R esu lts  of this study revealed  no significant difference in cycle time 
b e tw een  FWB and BWS trials. T he  percen tage  of s tan c e  time w as significantly 
red u ced  over the  BWS trials (at FWB stan ce  com prised 60%  of th e  cycle, a t 
30%, 50%  and 70%  BWS stan ce  com prised 57%, 55.6% , and  52%  of the  gait 
cycle, respectively). The data  for total double limb support a lso  show ed 
significant d e c re a se s  a s  the  p e rcen tag e  BWS increased: 21.7%  at FWB,
17.1%  a t 30%  BWS, 13.4% at 50% BWS, and 8.6% at 70%  BWS. Kinematic 
v ariab les  tha t w ere significantly affected by all levels of BWS w ere  hip and  knee 
an g le  d isp lacem ents. The maximum swing ang les  of hip and  kn ee  exhibited 
during th e  BWS trials w ere significantly sm aller than during FWB.
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The major EMG ch an g es  in gait with BWS in Finch's (1991) study w ere 
red u ced  m ean  burst am plitude in th o se  m uscles u sed  for w eight a c c e p ta n c e  
and  p u sh  off. and  an  increase  in m ean burst am plitude in tibialis anterior. In 
addition, the  p e rcen tag e  of s tan ce  w as d ecreased , the  p e rcen tag e  of total 
double  limb support d ec reased , hip and  knee  angu lar d isp lacem ent 
d e c rea se d , single limb support time increased , and  th e  cen ter of gravity w as 
ra ised  (an effect of the  BWS itself). The authors sugg ested  tha t the  reduction in 
p e rcen tag e  s ta n c e  and  total double limb support time may be d u e  to BW S 
alone, or to  the com bined effect of BWS and  d ec rea sed  walking sp eed . They 
s ta ted  tha t further study w as need ed  on th e  relationship betw een  BWS and  
walking sp eed . T he investigators concluded that any BWS level le ss  th an  70% 
could b e  beneficial for training, and  tha t the  BWS system  they  u sed  "did not 
p roduce abnorm al gait." B ased  on th e se  results, the  au thors d ev e lo p ed  a  gait 
training regim en which a d d re ssed  strength , coordination, and  b a lan ce  
concurrently  using a  BWS system . The am ount of weight bearing and  walking 
sp e e d  they  p rop o sed  should in crease  a s  the  patient p ro g resses .
A nother group of re sea rch ers  (Harburn, Hill, Kramer, Noh, V andervoort,
& M atheson, 1993) published an  article describ ing the design  and  u se  of a 
h a rn e ss  system  which would provide for the  safety of the  patien t during gait 
a s s e s sm e n t and  training. They focused  on safety  and  efficiency of using this 
system  during gait training. T he clinician can  b e  le ss  concerned  tha t th e  
patien t will fall, and  instead  spend  the  time and energy  on rehabilitating th e  
patient. The u se  of the  h a rn ess  would a lso  allow a  therapist to hand le  a  
patient alone, thereby  enabling other staff to a ttend  to other work. T he au thors  
a lso  pointed out tha t with the  rise in legal actions, the  h a rn ess  can  provide a 
m easu re  of protection against litigation.
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T he effects of body weight support on the gait of sp as tic  paretic  patients 
w as investigated  (Visintin & Barbeau, 1989). They focused  on the  effects of 
BWS on  EMG activity, joint angular d isplacem ent and  tem poral d is tance  
p a ram ete rs  in sev en  neurologically impaired subjects, six of whom had  
incom plete spinal cord injuries, and th e  final subject with p ro g ressive  sp astic  
p a rap are s is . The trials w ere  videotaped, with reflective joint m arkers on the 
shoulder, hip, knee, ankle, heel, fifth m etatarsal head , and  th e  to e  a re a  of the 
lateral bo rder of the shoe. Tem poral d istance p a ram eters  w ere  collected with 
footsw itches. Gait w as analyzed at 0%  supported and  at 40%  BWS, while 
pa tien ts  w alked a t maximum com fortable walking speed , on a  treadmill. Data 
w as  a lso  co llected  from ten  normal sub jects for com parison.
T he resu lts revealed high variability betw een sub jects in EMG, joint 
an g u la r d isp lacem ent, and  tem poral d is tance  data. T herefore, e ach  subject 
w as trea ted  a s  an individual c a se  study and  analyzed separa te ly . O ne 
gen era lized  effect noted w as a  d e c re a se  in m ean burst EMG am plitude for 
m ost m u sc les  w hen unw eighted 40%. Four subjects who w alked with a  flexed 
postu re  a t 0%  unw eighted w ere straighter at 40%  unw eighted. Four sub jects 
who had  knee  flexion at initial contact a t 0% unw eighted exhibited an  increase  
in knee  ex tension  at 40% unweighted; and two who had ex cessiv e  knee  flexion 
a t m idstance  a t 0% show ed increased  extension a t 40%. Six of th e  seven  
su b jec ts  qualitatively dem onstrated  “sm oother, freer m ovem ents of th e  lower 
limbs a t 40%  BW S,” according to th e se  researchers. Sub jects reported  that 
walking while unw eighted w as e as ie r and  that they did not tire a s  quickly.
Tem poral d istance factors a lso  w ere affected by the  c h an g e  in body 
weight. G enerally, a t 40% BWS there  w as in increase  in cycle duration, which 
led to a n  in c rease  in stride length. Single limb support tim e in c reased  a s  the
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total double support tim e decreased . Improvement w as a lso  noted In 
com fortable walking speed : five subjects w ere  ab le  to walk fas te r w hen 
unw eighted (Visintin & B arbeau, 1989).
Overall, this study dem onstrated  that in sub jec ts with sp as tic  p a res is  
secondary  to spinal cord injury, certain variables in gait w ere improved w hen 
the  sub jects w ere  40%  unweighted. The au thors did not conduct a  training 
program  in this project, but suggested  further re sea rch  into this new  m ethod of 
gait retraining.
A c a se  study w as done by Betti-Gardner, Holden, & Leikauskas (1994) 
on the effects of gait training with the  BWS system  on a  treadmill for an 
incom plete spinal cord injured patient. The patient w as trained at 30%  BWS, at 
th ree  different sp e e d s  (walking, fast walking, and  running), for 20  m inutes th ree  
tim es a  w eek for six w eeks. R esearchers  p ro g ressed  the  subject from 1.5 
mph to 4.0 mph by the  end  of the study.
Gait perform ance w as m easured  once a  w eek throughout the  
experim ent using a  Stride Analyzer at com fortable walking speed , fas t walking 
and  running. Velocity, cadence, s tan ce  and swing tim es and  stride length w ere 
analyzed. T h e se  variab les w ere m easured  off the treadmill to ascerta in  
w hether treadmill training would transfer to over-ground walking. In c reases 
w ere  noted in velocity, cadence, swing time, and  stride length, while s tan ce  
tim e d ec rea sed . T h e se  im provem ents lasted  for a t leas t th ree  w eeks. The 
au thors a sse r t that their results show that using g rad ed  weight bearing  with the  
treadmill "holds prom ise" for gait retraining of neurologically im paired patien ts 
(Betti-Gardner et al., 1994).
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Visintin e t al. (1988) a lso  investigated progressive w eight bearing  with a 
pa tien t with chronic right hem iplegia. The patient b eg an  his training 
unw eighted  60% , and  through the  cou rse  of the  four m onth study unweighting 
w as red u ced  to 40%  and finally 20%. P roper postural alignm ent w as  s tre ssed , 
which resu lted  in improved alignm ent and  knee control to n e a r norm al a t 20%  
BWS. T he  patient a lso  show ed im provem ent In com fortable w alking sp eed , 
which in c reased  from 0.26 m /s to 0 .40 m/s. The au thors postu la ted  tha t partial 
body w eight support facilitated the  expression  of the locomotor pa ttern  an d  that 
ba lance , stepping, and weight bearing can  be  trained concurrently. Therefore, 
they  supported  the  u se  of BWS with treadmill training in recovery of walking in 
hem ip leg ic  patients.
G iven tha t each  hem iplegic patient is unique in term s of h is o r her 
deficits, a n  individual treatm ent program  is optimal for a  pa tien t's  p ro g ress  in 
rehabilitation. As a result of individuality, not every patient re sp o n d s  to a  
particular modality, exercise or treatm ent program. For this re a so n  it is 
im portant for physical therap ists  to  continually sea rch  for new  and  efficacious 
m ethods of gait retraining. For exam ple, if a  patient with hem iplegia is not 
respond ing  to treatm ent with th e  Brunnstrom  m ethod, the  th e rap is t could add  
pool th e rap y  to the  patient’s  rehabilitation program. In in s tan ces  w here  a 
pa tien t c an n o t to lerate  w ater exercise, or being in a  pool is contraindicated , but 
would still benefit from reduced  w eight bearing during walking, th e  body weight 
support system  can  be used.
Using a  treadmill, which is part of the BWS regim en, h a s  b een  show n to 
have  minimal effects on the gait of norm als, and  has improved th e  gait of a  
hem iplegic patient. Therefore, treadmill training may be  a  useful tool in both 
evaluating  an d  retraining gait. The BWS system  has been  show n to produce
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only insignificant c h an g e s  in the  gait of normal m ales; yet training with this 
system  h a s  im proved the  gait of patien ts with incom plete spinal cord injuries 
and  a  sm all group of patien ts with hem iplegia. This re sea rch  lends support to 
further investigation of the  BWS system  a s  a  m eans of gait retraining for 
neurologically im paired patients.
O ur literature review revealed  only one  c a se  study of the  effects of BW S 
in hem iplegic patient. Further study therefore is w arranted. As a  pilot study, we 
p ro p o se  to ev a lu a te  tem poral d is tance  gait characteristics an d  do a  visual gait 
an aly sis  via v ideo tape  on patients with hem iplegia while partially unw eighted. 
W e hypothesize  th a t with unweighting, velocity, cadence, stride length, 
uninvolved limb swing time, and involved limb s tan ce  time will inc rease . W e 
a lso  expec t to s e e  improved symmetry betw een limbs upon qualitative visual 
analysis of the v ideotape. W e intend to illustrate that BWS can  b e  an  effective 
m ethod of gait retraining for patien ts with hem iplegia.
Chapter 3 
Methods
Exclusion Criteria
Exclusion criteria included the  following:
1. S ub jec ts m ust have  survived a  cerebrovascu lar acc iden t resulting in 
unilateral hem iparesis a t any  time prior to their participation in the  
study.
2. S ub jec ts m ust sco re  a t least a  4 on the  Adult FIM Locom otion sca le  
(i.e., minimal con tact a ss is tan ce -su b jec t perform s 75%  or m ore of 
locom otion effort to go a  minimum of 150 fee t or 50 m eters).
3. S ub jec ts m ust not have neurologic or orthopedic com plications (such 
a s  receptive ap h asia ) which would p reclude them  from 
understand ing  their part in the  re sea rch  study, o r which would 
interfere with their free  and  informed co n sen t to th e  p rocedu res.
4. M edical c lea ran ce  must be acquired  from the pa tien t’s  physician 
before participation in the study. (Appendix A)
5. Sub jec ts m ust be willing to sign an  informed c o n sen t to partic ipate  in 
the  study. (Appendix B)
Pre-Trial Patient Data
T he following patient da ta  w as collected: age, sex, height, weight, leg 
length, d a te  of CVA onset, and  side of residual hem iplegia. In addition, the  
lower extremity portion of the  Fugl-Meyer (Fugl-M eyer et al., 1975) a s s e ssm e n t 
of m otor perform ance w as adm inistered to the  sub jec ts to de term ine  their level
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of recovery. This evaluation tool is com prised of a  3-point rating system  for 
lower extrem ity reflexes, motor function, coordination, range  of motion. T he tool 
h a s  b een  judged  to be  a  reliable and valid m easu re  of lower extremity recovery 
by re se a rc h e rs  (Duncan, Probst, & Nelson, 1983; Fugl-M eyer e t al., 1975). The 
Fugl-M eyer evaluation will be  u sed  to com pare sub jects’ level of recovery with 
the  c h a n g e s  in their gait characteristics during w eighted and  unw eighted 
treadm ill walking.
Study participants w ere  briefed with regards to certain  subjective 
ex p erien ces  the  subject’s might have, including a  feeling of fatigue or an  
unusual sen sa tio n  from walking on the  treadmill for the  first time. The 
partic ipan ts m ay a lso  feel som e constriction w earing the  unw eighting belt 
which will b e  donned  during both testing p h ases . They w ere  informed that 
th e se  fee lings should be  expected, and  that if any of th e se  fee lings a re  unduly 
uncom fortable they may term inate their participation in the  investigation at any 
tim e.
Instrumentation
T he sub jec ts walked on a C hallenger Mach 1.75 treadm ill (Model #  
4002-2), a  variable sp eed  treadmill cap ab le  of velocities from 0.0 M /sec to over 
4 .0  M /sec. This treadmill could be brought to  an  im m ediate stop, if necessary , 
with a  front panel switch designed  expressly  for this purpose. T he Mach 1.75 
a lso  had  h an d  rails on th ree  sides, to the  left, right, and front of the  subject, 
which the  sub jec t w as allowed to g rasp  if desired . The sub jec t self-selec ted  
their own com fortable treadmill velocity during all of the  trials, an d  w ere allowed 
to term inate any trial at any point.
T he unweighting h a rn ess  (Vigor Equipm ent Com pany "Unweighting 
S tation”, Model #2001-F) w as a ttached  around the mid-waist a re a  of the
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subject. Of necessity , the  fit w as  quite snug in order to  allow th e  unw eighting of 
30%  of th e  sub jec t’s  body weight without h a rn e ss  slippage. T he sub jec t w as 
fo rew arned  of this and  an  adjustm ent period w as allowed before d a ta  
collection began . T he  am ount of unweighting w as determ ined using  th e  
following formula:
(Subject’s Body W eightj x (O.SOj — W eight a d d ed
2 to pulley
This form ula is a ccu ra te  b e ca u se  the rope a ttached  to the  h a rn e ss  runs 
through a  single block-and-tackle pulley before  term inating. T his a rran g em en t 
effectively halves the  am ount of w eight which m ust be ad d ed  to th e  end  of the  
rope to ach ieve  a  30%  patient weight reduction.
G ait tem poral-d istance m easu rem en ts  w ere co llected  with th e  u se  of 
the  Stride A nalyzer (B & L Engineering, S an ta  Fe Springs, CA), a  device which 
utilizes footsw itches p laced  in the so le  of the  sub jec t’s  sh o e s  for da ta  
collection. This da ta  w as dow nloaded to an  IBM-compatible personal 
com puter (PC) and  analyzed  using the Stride A nalyzer software. T he  Stride 
A nalyzer reco rd s  a  num ber of gait tem poral-d istance m easu rem en ts, including 
the  following: velocity, cadence, stride length, gait cycle time, duration of s tan ce  
an d  swing p h a se s , and  single- and  double-lim b support tim e a s  a  p e rc en ta g e  
of the  gait cycle time.
Similar footswitch devices for the analysis  of gait have b een  u sed  in 
normal su b jec ts  (Finch e t al., 1991), in patien ts with "spastic paretic  gait” 
seco n d ary  to spinal cord injury (Visintin & B arbeau, 1989; Stewart, B arbeau , 
and  G authier, 1991; Betti-G ardner et at., 1994) and  in patien ts with hem iplegia 
(Taylor e t al., 1993). T h ese  re sea rch ers  report accep tab le  levels of reliability 
and  validity with the u se  of this device.
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Preliminary Study
A preliminary study w as undertaken utilizing the  Stride A nalyzer to 
determ ine if the  d a ta  collected by the  Principle Investigators (PI) had  a d e q u a te  
intra- and  in ter-tester reliability. Ten normal volunteers w ere te s ted  using the  
Stride Analyzer. No unweighting w as u sed  in th e se  trials. E ach  re sea rc h e r 
te s ted  each  sub jec t at their self-chosen  treadmill walking sp eed , and  collected  
tem poral-d istance  d a ta  on su b seq u en t days. T he  P is  a lte rnated  the  o rder in 
which the  Stride A nalyzer m anual switch w as o p era ted  on e ac h  day of testing  to 
rule out any  possibility of operator error.
The correlation coefficient w as calcu lated  to verify inter- and  in tra-tester 
reliability. The resu lts  indicated that the  correlation coefficients of sam e-d ay  
in ter-tester reliability on all stride analyzer data  w ere g rea te r than  0.9. 
C om parison of d a ta  collected on different days, either of inter- or in tra-tester 
reliability, show ed  a  correlational coefficient varying betw een 0.2 and  0.7 
depend ing  on th e  param eter m easured . This lack of correlational streng th  w as 
m ost likely due  to the  allow ance of resea rch  sub jec ts to self-choose  their 
treadmill velocity on each  of the  four trials (two on day one, two on day  two). It 
w as no ted  in th e  d a ta  th a t the  sub jects’ tendency  w as  to c h o o se  similar 
velocities on the  sam e  day, while choosing som ew hat different velocities on 
the  following day. This certainly would influence all o ther m easu red  
param eters . S uch  a  problem w as not encoun tered  on th e  re sea rch  su b jec ts  
with hem iplegia, a s  this da ta  w as all collected on one  trial d a te  and  by the  
sam e  PI on e ac h  occassion .
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Procedure
R esea rch  participants am bulated  at full w eight-bearing s ta tu s  on the 
treadm ill with the  unweighting h a rn e ss  in p lace for a  w arm -up period not 
exceed ing  5 m inutes to acclim ate to treadmill walking. U pper extrem ity support 
w as  allow ed during this and  su b seq u en t p h ase s . Two experim ental design  
pro tocols w ere  utilized, and  the o n e  applied to  a  particular sub jec t w as 
determ ined  by a  random  drawing by the  subject. T he “A-B-B-A” protocol 
co n sis ted  of a  six m eter trial of full weight bearing treadmill am bulation ("A"), 
followed by a  similar d istance  with 30%  unweighting (“B”). This o rder w as 
rev e rsed  after a  five minute rest period to elim inate the  possibility of ordering 
effects. T he “B-A-A-B" protocol w as the reverse  of the  above protocol.
T he  re sea rch  sub jects w ere allowed to u se  the  treadmill hand  rails 
during all trials. Although this might have hindered d a ta  analysis d u e  to  the  
unknow n am ount of weight bearing on their upper extrem ities, it w as  reaso n ed  
tha t the  sub jec ts might have  felt m ore stab le  and  com fortable, an d  therefore  
am bu la ted  in a  style m ore like their ground walking. This point is not trivial, in 
tha t th is re sea rch  may lend cred en ce  to a  new  rehabilitation tech n iq u e  for 
p a tien ts  with hem iplegia. Benefits gained  by the  u se  of this rehabilitation 
tech n iq u e  m ay transla te  into improved ground walking.
Data Analysis
D ata w as collected using the  Stride Analyzer during the  four am bulation 
trials. T he d a ta  w as collected from the  Stride A nalyzer printout, and  h a s  been  
re p re se n te d  in graphical form in the  R esults section. D ue to th e  sm all sam ple 
size, d a ta  analysis  consisted  of qualitative trend analysis. W h ere  appropriate.
2 7
com parisons of th e  re sea rch  subjects w ere  m ade, a s  well a s  com parisons 
betw een the  dem ographic data  and that collected with the  stride analyzer.
Further d a ta  w as collected with the u se  of a  v ideocam era p laced  on the  
patien t’s  right side, a t a  90° angle to the  subject, approxim ately 10 fee t from the  
treadmill. T he intent of the videotaping procedure w as to ga ther subjective d a ta  
regarding the  ch an g es , if any, betw een am bulation full weight bearing  v e rsu s  
partially unw eighted. E astlack and a sso c ia te s  (1991 ) reported th a t without 
standard ization  of the  evaluation procedures, objective inter-rater v ideo tape 
analysis  m ay not be  statistically valid. Therefore, w e propose  to u se  the  
v ideo tape d a ta  in a  purely qualitative m anner regarding the overall ap p ea ra n ce  
of the  subject in the  two test s ta tes. Several a re a s  of gait w ere ev alua ted  with 
the v ideotape, including ap p aren t symmetry of weight distribution, trunk 
position, hip retraction, knee positon during s tan c e  an d  swing p h ase s , and  
ankle function during the  gait cycle.
CHAPTER 4 
Results
C a se  1
D em ographic da ta  regarding subject 1 can be found In T able  1. He 
w as a  41 year old m ale with a  left-sided cerebral Infarct resulting In residual 
right-sided hem iplegia. This subject w as te sted  eight y e a rs  after his 
cerebrovascu lar accident (CVA). The subject formerly u sed  a  right ankle-foot 
orthosis (AFO) along with a  straight c an e  for ambulation. He reports  
discontinuing both of th ese  devices approxim ately two y ears  a fter his CVA. He 
Is currently a  community am bulator without assistive  devices.
F igures 1 through 5 exhibit this subject’s  tem poral-d istance  m easu re s  
of gait ch an g es  a s  recorded by the  Stride Analyzer. The p a ram ete rs  of velocity 
(fig. 1 ), cad en ce  and gait cycle time (fig. 2) exhibited no correlation with the  
weighting s ta tu s  of the  subject, although each  of th e se  p a ram ete rs  e ither 
d e c rea se d  or Increased ac ro ss  all the  trials. Velocity and  c a d e n c e  
progressively  d ecreased , and  gait cycle time Increased, possibly  Indicating 
p rogressive  fatigue, although the subject denied this.
Stride length (fig. 1 ), right and left swing times, right and  left s tan ce  
tim es (figs. 3 and  4), and single and double limb support tim es (fig. 5) all were 
noted to correspond to the subject’s  weighting status. Stride length increased  
from an  av erag e  of 0.60 m eters to 0 .63 m eters with 30% unwelghting, a  5%
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Subject # 1 2
Age 41 72
Years S/P CVA 8 1.2
Gender M M
Side o f  hemiplegia R R
Weight (lbs) 148 142
To Unweight (lbs) 44 42.5
Fugl-Meyer Score (LE only) 20/34 13/34
Leg Length-jR/g/2? (cm) 85.5 92.2
Leg Length-Le//' (cm) 86.1 92.3
Assistive De\ace? No Yes'
Community Ambulator? Yes No2
Protocol Order^ BAAB ABBA
Table 1 : Demographic data o f  volunteers tested in the study.
* Subject #2 uses a small base quad cane for household ambulation.
2 Subject #2 uses a wheelchair for community ambulation.
3 “A” denotes trials with full weight bearing. “B” denotes trials with 30% unweighting.
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F ig u r e  1 : Velocity and  stride length a s  a  function of the  type of
intervention applied to subject #1. "A" refers to  th e  subject 
walking full weight bearing, while in "B" trials th e  subject is 
30%  unweighted.
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Figure 2: C adence  and gait cycle a s  a  function of the type of 
Intervention applied to subject 1.
3 2
Subject 1
uv>»
3 9 7 9
3 8 -
3 7 - -7 8
3 6 -
3 5 - -7 7
3 4 -
33 76
S3
o
»
Trial Type
Swing-R (%GC) 
■••O'...... Stance-L (%GC)
F ig u re  3: Right (involved) swing tim e and left (uninvolved) s ta n c e  tim e 
(a s  a  percen tage  of the  gait cycle) a s  a  function of the  type  of 
intervention applied to subject 1. Note the  d e c re a se d  left 
s tan ce  time and concom itant increased  right swing tim e with 
unweighting (1B and  2B).
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Figure 4: Left swing tim e and right s tan ce  tim e (a s  a  p e rcen tag e  of th e  
gait cycle) a s  a  function of the  type of intervention applied to 
sub ject #1. Note the  d ecreased  right s tan ce  tim e and 
concom itant increased  left swing tim e with unweighting (1B 
and  2B).
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F igu re  5: Single- and  double-limb support tim es a s  a  p e rcen tag e  of 
th e  gait cycle during the trials in subject 1. Note the  
in c rease  in both right and left single limb support tim es with 
unweighting ("B" triais). T h e re  is a  concom itant d e c re a se  in 
doub le  limb support time with unweighting.
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increase . T his corre la tes with, but is som ew hat less  than, the  s tu d ie s  of 
Visintin an d  B arbeau  (1989), who saw  in c reases  of 13.7 to 42.9%  with so- 
called  “sp a s tic  paretic” subjects.
U nexpectedly, both right and  left swing tim es increased , and  both right 
and  left s ta n c e  tim es d ec rea sed  a s  a  p e rcen tag e  of the  gait cycle during 30%  
unw eighted trials (figs. 3 and  4). W hile th e se  c h an g e s  am ounted to no  m ore 
than  2-3 % of the  total gait cycle, it is paradoxical to note that right s ta n c e  time 
(i.e., the  involved limb) decreased , while left swing time increased  during the  
unw eighting trials with this subject. T h ese  findings a re  difficult to explain 
b e c a u se  o n e  would expect, a s  w eightbearing d e c re a se s  on o ne  extremity, it 
m ust of n ecess ity  in crease  on the other.
A nalysis of the  videotaped trials revealed  tha t during full w eight bearing 
am bulation trials, the subject w as slightly forward flexed, exhibited trunk 
rotation which coincided with lower extremity motions, hiked and  circum ducted 
the  involved hip, and  show ed a  sev ere  knee  hyperextension m om ent a t mid- 
s ta n c e  of th e  involved extremity. Unweighting reduced  this sub ject’s  hip hiking 
and  leg circum duction u sed  to c lear his involved limb during swing p h ase . 
Unweighting a lso  ap p eared  to reduce  involved limb knee hyperextension  that 
is ap p a ren t with full weight bearing.
The sub jec t ap p ea red  also  to m ore equally  distribute his w eight over 
his lower extrem ities while unw eighted according to the videotape, although  
this subjective analysis is not borne out by the  Stride Analyzer data. Figure 5 
show s the  breakdow n of right and  left single limb support (a s  a  p e rcen tag e  of 
the  gait cycle) a s  well a s  double limb support. W hile it is apparen t that 
unw eighting in c reases  single limb support time bilaterally (“B” trials), it is a lso  
ap p aren t th a t each  limb is taking up approxim ately equal am ounts of 
in c reased  sing le  limb support time. Therefore, the  involved lower extremity
3 6
w as not accepting a s  large a  sh a re  of the  support burden a s  we hoped 
unw elghting would allow in this subject.
C a se  2
D em ographic d a ta  regarding subject 2 can be found in T able  1. He 
w as  a  72  year old m ale with a  left-sided cerebral infarct resulting in residual 
right-sided hem iplegia. This subject w as te sted  one  year. 2 m onths after his 
cerebrovascu lar acciden t (CVA). The subject u se s  a  small b a se  quad  c an e  for 
walking, but his primary m ode of am bulation is via w heelchair propelled 
mainly by his spouse . His other health problem s include coronary  artery  
d ise a se , hypertension, and d iab e tes  mellitus. Com plications seco n d ary  to 
th e se  ailm ents have limited his participation in rehabilitation program s.
F igures 6 through 10 exhibit subject 2 's  tem poral-d istance m easu re s  of 
gait ch an g es  a s  recorded by the Stride Analyzer, Velocity, cadence , and stride 
length increased  27%, 19%, and  5%, respectively (figs. 6  and  7), with 
unweighting. Gait cycle time d ec rea sed  an average  4.3% . T h e se  figures 
indicate a net positive influence of unweighting on the  tem poral-d istance 
m e asu re s  of gait. T h ese  figures revert to baseline va lues or beyond  upon 
returning to full w eight bearing status, indicating no training effect with a 
limited test protocol such a s  that utilized in the p resen t study.
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F ig u re  6; Velocity anid stride length a s  a  function of th e  type of 
intervention applied to subject 2.
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F ig u r e  7; C ad en ce  and gait cycle a s  a  function of the  type of
intervention applied to sub ject #2. Note the  in c reased  
c a d e n c e  with concom itant d e c rea se d  gait cycle tim e during 
unw eighting.
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F ig u r e  8: Right (involved) swing time and  left (uninvolved) s tan ce  tim e 
(a s  a  percen tage  of the  gait cycle) a s  a  function of th e  type of 
intervention applied to subject #2. Note the d e c rea se d  left 
s ta n c e  time and concom itant increased  right swing tim e with 
unweighting (1B and 2B).
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F igu re  9: Right (Involved) s tan ce  tim e and left (uninvolved) swing tim e 
(a s  a  percen tage  of th e  gait cycle) a s  a  function of th e  type of 
intervention applied to subject 2. Note th e  d e c re a se d  right 
s tan c e  time and concom itant increased  left swing tim e with 
unweighting (1B and 2B).
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F igu re 10: S in g le -a n d  double-limb support tim es a s  a  p e rcen tag e  of 
th e  gait cycle during the  trials of subject 2. Note th e  
in c rease  in both right and left single limb support tim es 
with unweighting ("B" trials). T h ere  is a  concom itant 
d e c re a se  in double limb support tim e with unweighting.
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As in C a se  1, both right and left swing tim es increased , and  both right 
and  left s ta n c e  tim es d ec rea sed  a s  a  p e rcen tag e  of th e  gait cycle during 30%  
unw eighted  trials (figs. 8 and 9). This, again , a p p ea rs  paradoxical, a s  a  
d e c re a s e  in th e  s tan ce  time of one limb should  b e  accom panied  by an  
d e c re a se  in swing time of the  contralateral extremity. Such is not the  c a s e  a s  
reported  by the Stride Analyzer.
F igure 10 indicates the  inverse relationship of double limb to  single 
limb support tim es, with the form er d ecreasin g  25%  and  the latter increasing  
(on both right and  left legs) 25%  each  with body weight support (BW S). T he 
left extrem ity accep ted  more w eight bearing  load with th e  BWS trial. This m ay 
h av e  b e e n  d u e  to th e  increased  proprioceptive feedback  from the  uninvolved 
extremity.
A nalysis of the  v ideotaped trials revealed  that during full w eight bearing  
am bulation trials, subject 2 exhibited an  external rotation of the  involved 
extrem ity which w orsened  a s  each  walking trial p rogressed , probably  
seco n d a ry  to fatigue. He also hiked and  circum ducted the  involved hip, and  
show ed  a  m odera te  knee hyperextension m om ent upon weight a cc e p tan c e . 
Foot c lea ra n c e  and  toe  drag w ere problem s particular to this sub jec t during 
sw ing-through of the  right limb. The lower extremity Fugl-M eyer exam ination 
indicated tha t dorsiflexion of the  involved foot w as minimal in standing, and  
this w as ev iden t in the  walking trials a s  well.
Unweighting reduced  this sub jec t's  hip hiking and  leg circum duction 
u sed  to c lea r  his involved limb during swing p h ase . Unweighting a lso  
a p p e a re d  to reduce  involved limb knee  hyperextension  that w as a p p a ren t with 
full w eight bearing. To a le sse r extent, 30%  BWS a lso  reduced  his to e  drag, 
although  th is  problem  becam e m ore ap p a ren t a s  the  trials p ro g ressed , 
indicating fatigue.
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T he subject ap p ea red  a lso  to m ore equally distribute h is weight over 
his lower extrem ities while unw eighted according to the  v ideotape, a  view 
su p p o rted  by the  tem poral-d istance m easu res . As m entioned previously, this 
sub jec t clearly  supported  a  g rea ter sh a re  of even his unw eighted body weight 
on the  uninvolved limb. However, a  g rea te r portion of his w eight w as 
supp o rted  with his involved extremity in the unweighted s ta te  th an  in full weight 
bearing  a s  extrapolated  from Figure 10.
Chapter 5 
Discussion
1 Discussion of results
C ase 1 v s . C a se  2
A lthough su ch  a  sm all sam ple size  d o es  not perm it b road  generalities 
to be  drawn from the  current study, som e interesting in ferences becom e 
ap p aren t upon com parison of the  two cases . The m ost predictive m easu re  of 
the  re sp o n se  of th e se  two subjects to unw eighted treadm ill am bulation m ay be 
their lower extrem ity Fugl-M eyer scores. Clearly, subject 1 h a s  recovered  a  
g rea te r d eg ree  of function (a s  m easured  by the Fugl-M eyer) than  subject 2 
(Table 1 ). Many factors influence the degree  and ra te  of recovery from stroke, 
including th o se  found in T able 1. B ecause  of subject T s  increased  recovery 
sta tus, he  may not have b een  a s  "susceptible" to the  c h an g e s  in his gait while 
unweighted. He m entioned several times, T m  not su re  if I like this feeling [of 
BWS] or not.” It is not out of the question that, given his level of recovery and  his 
questionab le  feelings toward the  protocol, he w as ab le  to physically resist 
som e of the  gait ch an g es  tha t the te st put him through. S ubject 2, with his 
m ore recen t o n se t and  reduced  level of recovery, in addition to  h is o ther 
debilitating health  problem s, may have succum bed to  th e  effects of 
unweighting m ore readily.
R elated  to th e  level of recovery is the fact that subject 1 w as eight years  
postinjury, and  subject 2 w as only 14 months postinjury. In addition, subject 1 
w as a  com m unity am bulator who used  no assis tive  dev ices, w h ereas  subject
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2 u sed  a  w heelchair for community am bulation, and a  sm all-based  q u ad  c an e  
for short d is tances. Subject 1 h a s  had  a  g rea te r opportunity to ingrain h is gait 
pattern  an d  it is unlikely that this pattern would be  significantly affected  by a  
single  d a ta  collection session . P e rh ap s th e  m ethod u sed  in th is protocol is not 
appropria te  for patients who have a high level of function or com pensato ry  
pa tte rn s  in the  involved limb.
B ased  on previous literature (Visintin & B arbeau, 1989; W aagford  e t al., 
1990; Betti-G ardner e t al., 1994) we expected  ch an g es  in velocity, stride  length, 
cad en ce , an d  bilateral s tan ce  and  swing tim es. In general, sub jec t 2 ’s  
re sp o n se s  m ore closely correlated with th e se  stud ies  and  our hypo thesized  
ou tcom es a s  to the  effect that unweighting should have  on tem poral-d is tance  
m easu re s  of gait. His velocity, cadence , stride length and  uninvolved (left) 
swing tim e all in c reased  with unweighting. W e hypothesized  th a t with an 
in c rease  in uninvolved limb swing would com e an in c rease  in involved limb 
s tan c e  time, bu t this did not bear out with e ither subject.
V ideo tape analysis revealed im provem ents in gait for both su b jec ts  with 
unw eighting. Subject 1 had m ore sym m etrical weightshifting be tw een  limbs, 
and  m uch le ss  sev e re  hyperextension of the  right (involved) knee  a t m idstance 
on tha t limb. Subject 2 had  a  d ec rea sed  forward lean a t the  trunk while 
unw eighted, reduced  retraction of the right s ide  of the pelvis throughout the  gait 
cycle, and  a lso  had  much less  sev ere  hyperextension of the  right (involved) 
knee  a t m idstance  on that limb. Subject 2 a lso  had  le ss  difficulty advancing  his 
right limb with unweighting, and  had  m ore symm etrical w eightshifting betw een  
lim bs.
B etti-G ardner and  colleagues (1994) report that ch an g es  s e e n  using a  
long-term unw eighting protocol on a  spinal cord injured sub ject rem ained  in 
effect for a t leas t 3 w eeks beyond the end  of the  unweighting training. The
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curren t study show ed no lasting benefits of a  single unw eighting d a ta  
collection sessio n . Ideally, long-term training with early post-stroke  intervention 
would e n h an c e  th e  functional carry-over utilizing a  similar protocol. S tudies 
with unw eighting on spinalized ca ts  (B arbeau  & Rossignol, 1987) ev id en ce  the  
utility of progressively  d e c re a se d  unweighting, com bined with treadm ill training, 
in stim ulating a  normal gait pattern. O ne m ay conclude from th is study, a s  well, 
th a t early  intervention may indeed resu lt in en h an ced  benefits from a  sim ilar 
protocol u sed  in hum an post-stroke rehabilitation.
2 Limitations
T he num ber of participants limits the  ability to generalize  th e  resu lts  of 
this study. W e have attem pted to desc rib e  our resea rch  a s  c a s e  stud ies, but at 
the  tim e of collection it w as unclear how m any participants w e would have, and  
therefo re  did not collect the  large am ount of da ta  n ece ssa ry  for doing a  true 
c a s e  study.
W hile it w as interesting to com pare som eone eight y ears  postinjury to 
so m eo n e  with a  m ore recent CVA, w e would have preferred to h av e  both 
sub jec ts  with a  year or less since their injuries. It a p p ea rs  tha t th e  am ount of 
time sin ce  the  CVA could affect the  applicability of unweighting a s  a  techn ique 
for rehabilitation, but in order to d iscern  this, we would n eed  to study a  larger 
num ber of sub jec ts who had recen t strokes. A further study su g g e s ts  itself 
b a se d  on our results. Two groups of pa tien ts  with hem iplegia, o n e  group 
under on e  y ear postinjury, and one  over on e  year, could be  analyzed  a s  
attem pted  in the  currrent work. That study could provide in teresting da ta  
regarding tim e postinjury, level of recovery, and  treadmill unw eighting effects on 
tem pora l-d istance  gait param eters.
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3 Recommendations
B ased  on the  resu lts of our study, w e feel tha t further re sea rc h  is 
w arran ted  for using  unweighting a s  a  m ethod for gait retraining of p a tien ts  with 
hem iplegia. A study replicating ours with a  large num ber of sub jec ts  could 
confirm this m ethod a s  having beneficial effects on gait of stroke patien ts. It 
would then  b e  interesting to do a  training protocol with stroke pa tien ts  using  
unw eighting.
In addition, w e would recom m end conducting a  study like this a t a  facility 
with a  large population of stroke patients. This would m ake recruitm ent of 
su b jec ts  m uch eas ie r.
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APPENDIX A
Data Collection Sheet
Date
Subject ID #
Age
Leg Length
(ASIS->Lat. mall.) 
Weight
Fugl-Meyer Score 
A ss’t Device?
PMHx:
cm
lbs
/34
Y /N
What
Gender M / F
Hemiplegia L / R
To Un weight:___ lbs
(wt X  0.3/2)
Subject Comments:
Protocol Order: ABBA
Hand Placement: R
L
BAAB
Front / Side Rail 
Front / Side Rail
Other:
Other:
Start Video 
Stop Video 
Notes:
5 2
Fugl-M eyer M e asu rem e n t of Physical P e r fo rm a n c e —Low er E x trem ity  E valua tion -P age  1
Sitting (Knees 
free of chair)
Ankle PF______________
Movement combining synergies
A. Knee flexion beyond 9 0 ° ___
A r e a /P o s i t io n Test Scorina Criteria Maximum Attained
Score Score
Supine 1. Reflex Activity-Tested in Supine
Achilles...................
Patellar
0-N o reflex activity  
2-Reflex activ ity
4
II. A. Flexor Synergy 
Hip Flexion 
Knee Flexion
0-Cannot be performed
1-Partial m otion
2-full m otion 6
Ankle DF_____________
B. Extensor Synergy
Hip Extension 
Adduction 
Knee Extension
0-N o motion
1-Weak motion
2-A lm ost full strength  
compared to  normal
8
B. Ankle DF,
0-No active motion
1-From slightly extended  
position, knee can be 
flexed, but not beyond 9 0 °
2-Knee flexion beyond 9 0 °
0-N o active flexion
1-Incom plete active flexion
2-Normal DF
>■DD
03
S upine Vi. Coordination/speed- Heel to  opposite 
knee (5  reps in rapid succession)
A. Tremor________
B. Dysmetria.
C. Speed_____
0-Marked trem or
1-Slight Tremor
2-No tremor
0-Pronounced or asymmetric
1-Slight or system atic
2-No dysmetria
0 -6  seconds slower than 
unaffected side
1-2-5  second s slower
2-Less than 2 seconds diff
TOTAL (Total Max LE Score) 3 4
Fugl-M eyer M e asu rem e n t of Physical P e rfo rm an ce  
Low er E x trem ity  E valua tion -P age 2
S tan d in g
S i t t i n g
IV. Movement out of Synergy (Hip @ 0 °)
A. Knee Flexion__________
B. Ankle DF__________
V. Normal Reflexes
Knee flexors__________
Patellar____________
Achilles__________
0-Knee cannot flex w /o  hip 
flexion
1 -Knee begins flexion w /o  
hip flexion, but d oes not 
reach to  9 0 ° , or hip flexes 
during motion
2-Full motion as described
0-N o active motion
1-Partial m otion
2-Full m otion
0 -2  Of the 3 are markedly 
hyperactive
1-1 reflex is heperactive, or
2 reflexes are lively
2-No more than 1 refles 
liv e ly
APPENDIX C
PATIENT INFORMED CONSENT FORM
Project Title The Effects of Partial Unweighting on Hemi- plegic 
Gait
Purpose; I understand that this is a  study which will investigate the 
effects of unweighting on stroke patients’ walking ability. The results 
of this study will help determine if unweighting will be useful for 
rehabilitation of walking for stroke patients. This study is being 
conducted by Mike Jones  (616-846-5177) and T asha  G reaser 
under the  supervision of Barb Baker (616-895-3356).
Procedures: 1 understand that participation in this study will take 
one  to o n e  and a  half hours of my time. I understand that a 
standardized evaluation will be performed by the investigators on 
the  function of my legs. I understand that I will walk on a treadmill 
while wearing the unweighting harness, and will be given time to get 
used  to walking on the treadmill. Then I will be required to walk a 
d istance of six yards, four times. Two times I will be partially 
unweighted, and two times I will not be unweighted. I will be 
required to have inserts placed in my shoes  which will take 
m easu rem en ts  on how I walk. I understand that I will be videotaped 
while I am  walking on the treadmill. I understand that I will always 
choose  th e  sp eed  at which I walk. I understand that I have a  
scheduled break after two trials, but that I will be allowed to rest a t 
any time if needed.
Risk of Discomfort: I understand that my doctor has  given 
permission for m e to participate in this study. I understand that it is 
not anticipated that this study will lead to any risk of physical harm. I 
understand  that the unweighting harness may be tight around my 
chest, but will not interfere with my breathing or any other physical 
function.
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C onfiden tia lity : I understand that the information collected about 
m e will be  kept strictly confidential and the data will be coded so  that 
the identification of individual participants will not be possible. I 
understand that the results of this study may be published in a 
journal without disclosure of my identity. I am aware that a 
sum m ary of the results will be m ade available to me upon my 
request.
P a r tic ip a tio n : I understand that my participation in this study is 
voluntary and that I may withdraw at any time. I acknowledge that I 
have been given an opportunity to ask questions regarding this 
research  study, and that th e se  questions have been answ ered  to 
my satisfaction.
C o n s e n t :  I acknowledge that I have read and understood the 
above information and that I voluntarily agree to participate in this 
study.
Subject’s  signature
W itness’ signature
Investigator’s signature 
Date
□ I am  interested in receiving a summary of the study results.
APPENDIX D
Title o f  Project: The Effects of Partial Unweighting on Hem iplegic Gait
Principal Investigators: Mike Jo n es  and  T ash a  G reaser, s tu d en t physical 
th e rap is ts  from G rand Valley S ta te  University, under the  supervision of Barb 
Baker, PT, and  Cathy Harro, PT.
Brief Summary:
H ém iplégies have  a  distinctive gait pattern  often typified by a n  im balance of 
s ta n c e  tim e and  of weight bearing betw een limbs. A new  m ethod of gait 
retraining for neurologically impaired patien ts h a s  recently b een  introduced. It 
c o n s is ts  of a  patien t unweighting ap p a ra tu s  to be  u sed  in conjunction with a  
treadmill. This m ethod may help hém iplégies improve walking ability by 
retraining th e  CNS while the  patient am bu la tes  in a  biom echanically correct 
position. Partially unweighting th e  patien t may reduce  th e  num ber of motor 
units n e e d e d  to carry out the  activity, and  it is theorized tha t this red u ced  
num ber of m otor units will be  more easily  controlled by th e  pa tien t’s  dam ag ed  
CNS, producing m ore normal gait patterns. As the  patien t ga ins m otor control, 
the  am ount of weight bearing is in c reased  until the  person  can  am bu la te  
norm ally while full weight bearing.
This study will com pare stroke patien ts' gait pa tterns while full weight 
bearing  to their gait patterns while partially unw eighted. Up to  fifteen sub jec ts 
w ho have  had  a  CVA and who can walk will be chosen  for this study. After 
giving informed consen t and  being sc ree n ed  for lower limb function (using the  
lower extremity Fugl-M eyer exam ination) and  heart rate, su b jec ts  will put on the 
unw eighting h a rn e ss  and  begin walking on the  treadmill for a  w arm -up period 
of up to  th ree  m inutes. E ach  subject will com plete four trials, e ac h  six m eters  
long. In two trials subjects will be partially unweighted; in th e  o ther two they  will 
be  full W eight bearing. The order of w eight bearing will b e  random ly 
determ ined . D ata will be collected via footsw itches which will have  b een  
in serted  in th e  sub jec ts’ sh o es , and  analyzed  using a  specia l com puter 
program  which gives tem poral-d istance gait data. Subjects will a lso  be  
v ideo taped  from th e  side during the trials for a  subjective visual an a ly s is  of any 
c h a n g e s  in gait patterns with unweighting. Data ga th ered  will be  com pared  
within e a c h  sub ject for ch an g es  in gait while full w eight bearing vs. partially 
unw eighted. It is hoped that this d a ta  will help determ ine w hether th e  
unw eighting ap p ara tu s  will be  beneficial to the rehabilitation of gait for 
neurologically im paired patien ts and  lay the groundwork for future s tud ies.
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MEDICAL CONSENT FORM
I hav e  read  th e  en c lo sed  description of this re sea rch  study, which is d esig n ed  
to investigate  th e  effects of partial unweighting on the gait of hem iplegic 
subjects. I u n d e rs tan d  tha t the subjects will be required to  com plete four 
walking trials, e a c h  at a  comfortable, self-chosen  sp eed  with re s t periods 
betw een  trials. This is not an aerob ic  test. Subjects will se lf-selec t th e  sp e e d s  
a t which they  will am bulate during the trials. Individual trial d is tance  will not 
ex ceed  six m eters. A warm-up period of th ree  m inutes or le ss  will allow 
su b jec ts  to g e t u sed  to the treadmill before da ta  is collected. I u n d e rs tan d  that 
a  physical th e rap ist or physician will be  stand ing  by for maximum safety .
As the p e rso n al physician o f  , I give
this individual m edical c learance  to participate in this study.
P a tien t’s  n a m e
Physician’s  signatu re
D ate
